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THANSIATION BY SOVIET ELECTRONIC CALCULATING WACHINE

The following is the full text of an article from PRAVDA,
dated 22 January 1956 on the work of the high-speed electronic
computer of the Academy of Sciences USSR. The co-authors are
D. Panev, I. Mukhin and I. Bel'skaya.

The first successful experiments in the automatic translation of
one language to another were conducted in the Academy of Sciences USSR,
The experiments were made on the BESM high-spred electronic computing
machine described in PRAVDA of )i December 1955, ' _

At first glance it seems unlikely that a machine can automatically
translate from one language o another. But if some thought is given to
the subject then it may be easily perceived that there is nothing impos-
sible in this. In reality, language is a definite system in which the
‘meaning of words as vell as any of their variations are reflected by
means of vocabulary and grammar, :

Therefore, there should exist the possibility of developing diction~
aries and translation rules which would account for all structural
pedliaritios of a sentence and which would permit the accurate, uniform
determination of the essence of its component words and their relationship
in the text, fThus it becomes possible to make translations by fully
automatic means using machines with programming control, such as those
which automatically make complex. mathematical computations,

To make such a translation the sentence which is to be translated
must first be coded with a special cipher code in which each letter
would be represented by some 2=digit numeral., By using the Bodo code,
for exanple where the Latin letter Ma" is represented by 16, "n" by 15
and "W by 30, we may replace the English word "and" by the numeral by
161530, The numbers corresponding to words under this codification
system may be punched on a paper tape. This is done by a person who need
not know the dnglish languuge on a simple typewriter-type apparatus
having a keyboard with Latin letters, This tape is then inserted into
an electronic computing machine, in the wewmory device of which there is
stored a previously introduced dicticnary, Each word in the dictionary,
consisting of an English and a wussian part, is also represented by its
corresponding numeral and the process of searching for the required word
in the dictionary is but a comparison of the number introduced into the
machlne (representing a particular word) with all the numerals of the
dictionary,
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This process may be simply represented as follows., Let the number
representing the word being searched four be successively subtracted from
all the numbers (each representing a word) in the dictionary.

ihen the result of the subtraction is equal to 0, the scarch is
tersdnated: the word ia the dietionary wihose numerical representation
coincides exactly with the numerical representation of the word being
searched for nas been found., This means tnerefore, that in the Russian
portion of the dictionary inere has been found the word corresponding to
the inglish worde The machine does this corpletely automatically and at
great speede For instance, on the BESY machine one comparison operation
takes only 1/10,000 of a second; thus the time the machine takes to look
through a 1,000=word dictionary is neasured in a fraction of a second.

However, the dictionary introduced into the machine differs from
those dictionaries which are generally used. The dictionary must provide
rules ii:ich would permit the automatic selection of the proper word from
among several possibilities. To establish the meaning of a polysemantic
tern it is necessary to analyze iis surroundiny words, to study the words
irmediately before and after it aad to study their meanings and grammatical
characteristics,

Suppose e want to translate the Inglish word "example" which has
two meanings depending upon whether the word "for" precedes it or not.
If the word "for" is there, the translation must be "naprimer". If the
vord "for" is not there, then the traanslation would be "primer", Cone
siderably more complex, althouzh similar, rules may be developed for
Other cases as well. Uhese rules are formulated in the forn of concrete
questions to which the nachine sonetiues has to angwer either "Yes" or
"do" over 20 times., Another systen of rules is needed to find English
vords having a particular ending in the dictionary. For ins tance, the
word "equatlons" will not be found in the dictionary since it has the
ending "s" indicating plurality. The dictionary lists singulars, The
machine then discards ihe ending and the word is again run through and
compared with che dictionary terms,

Finally, the dictionary must list the grammatical characteristics
of its words. ilowever, ia contrast t the usual EnglisheRussian dictione
aries, it lists the grammatical characieristics not of the fnglish but
of the Russian words, This is nacessary because without these charactere
istics it is impossible to construct a gramatically correet Russian

sentence.

English gramuatical characteristics are needed only insofar as they
facilitate in the determination of Russian grammatical characteristics,

It is impossible to list all the gramzatical characteristics in the
dietionary. For exawmple it is impossible to state in advance whether a
given word would be a subject or an object. This circumstance may be
determined only comparing the #iven word with other words and through
an analysis of the entire sentence. Therefore, after using the dictione
ary the machine conducts a very large number of various checks of the
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"Yes" and "No" answer type for the purpose of determining all the neces=
sary grammatical characteristics of the Russian words. After this is
done, a translated English phrase such as "Problems associazted with
liotion" reads as follows: "ZADACHA"™ (noun, feminine gender, second
declension, plural, nominative case, soft stem ending with a sibilant),
"SVIAZYVAT" (participle, past tense, feminine gender, plural, nominative),
"s" (preposition, zoverns instrumental case) s "DVIZHENIYE" (noun, neuter
gender, first declension, single, instrumental case soft stem). Thus,
according to the rules of Russian grammar, the translation becomes as
followss "ZADaUHI, SVYAZANNYYE S DIVIZHENIYEM", The finished translation
is typed on a teletype.

"As an example of a translation made by this machine, the following
sentence from an English text may be used: "Elementary courses in
differential equations present a long list of clever devices by means of
which one is supposed to be able to solve differential equations",
= = "Elementarnyye kursy po differentsialfnym uravneniyam dayut dlinnyy
perechen® iskusnykh priyemov, pri pomoshchi kotorykh issledovatel® kak
predpolagayetsya mozhet reshat! differentsial’nyye uravneniya®.

Of course it is difficult to assume that the automatic translation
~of literary work would be possible in the near future. Such translation
is much more complex than the translation of scientific text.

The experimental work on automatic translation was conducted on the
Universal computing machine "BESM", which was not specifically fitted
for this purpose, by a group of scientific workers of the Academy of
Sciences USSR which included, besides the authors, S. Razumovskiy,
L. Xorolev, N, Trifonov, G. Zelenkevich, and others. The results obtained
indicate that on the basis of the principles developed there may be
constructed in the future a specialized electronic machine for automatic
translation.

D. Panov
I. Mukhin
I. Belfskaya

PRAVDA,; 22 January 1956

Approved For Release 2003/09/02 : CIA-RDP80B01676R001100030012-6



. -
o ——

. Approved For Release 2003/09/02 : CIA-RDP80B01676R001100 -
= Sgisic
NATIONAL SCIENCE FOUNDATION ~ ~¥:03957

OFFICE OF THE DIRECTOR
WASHINGTON 25,D.C.

NAR 2 2 1955

Honerable Allen We Dulles, Director
fentral Intelligence Agency
Washington 25, De Co

Deaxr Allent

The development of a program of ressarch on mechanical translation
problems, as outlined in your leblter of February 29, is a matter of great
interest to the Naticnal Sclence Foundation. We agree that much is to
be gained by the early develepment of a machine cspabllity for transla=
tion, and we are devoting what we believe %o be a reasonable fraction ef
our availsble research funds to the swpport of the MeI.T. linguistic
studies to which you refer in your lettere We belleve that an integrated
attack is desirable en the problem as a whole, particularly the machine
develepment worke Such an sppreach would invelve careful ooordinstion,
both wibth respect to programming and fundinge

I have asked DPre Alberto Fs Thompsen, Head of our 0ffice of Sclentifie
Information, te be responsible for Foundation asbivities in this field, He
would appreciate an epportunity to meet with anyone you care to designate
to conslider the problem of appropriate levels and sources of support in the
Government for work in this fielde. We asmume that other agenscies should
be consulted; for example, we undersiand that ths Air Force is wndertalcing
a major effort in machine development for translatien. -

The Foundation is prepared to administer any part of a program of
research in machine translatiem which is agreed by all eonserned to be
desirables As you lmow, it is our policy to rely heavily en the guidance
of advisory panels of experts in each field of research to advise us en
the handling of research proposals directed to the Fowndation., We are
in the preocess of organising such a group at the praesent time which we
fesl would be fully cspable of gulding the progress of machine itranslation
researchs

I hope that the kind of approash to the problem outlined in this let=
ter sppears reasonable, and I look forward to the develepment of an effective
program in this field,

Sincerely yours,

T

Alan Te Waterman
Dlrector
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¥, Alan T. Materspn f’/
Brector

Bational Sosience Foundation
Washington 25, D, C,

Dear ilans

v Mmmm&rmmie&efws?%
dnmial Repart of the Hational 3olence Foundation and
‘&ht} &ﬁﬂsﬂ. Sedence Foundaticn ict forwarded with
your lstter of 23 Felruary,

I bave reviewed these pepers with much Interest
2, rereemd, e il Ll o o oiare
or 8 . y ashould be of considerable wa
in our future activities. i

Allem ¥, Dniles
Director
TAT 0/DC1 |h 28 F
o0 tr{ ] ¢ ( eb 56)
Orig - Addressee
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1 « Reading
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NATIONAL SCIENCE FOUNDATION

OFFICE OF THE DIRECTOR
WASHINGTON 25, D. C.

February 23, 1956

PERSONAL

The Honorable Allen W. Dulles
Director

Central Intelligence Agency
Washington 25, D, C.

Dear Allen:

At our recent meeting I promised to send you a copy of
the Fifth Annual Report of the National Science Foundation.
Herewith are three in case other members of your staff may
find the report useful.

I also enclose a copy of the National Science Foundation
Act which gives the formal basis for our interest and authority
in the field of international science activities,

I believe the subject we discussed is an important and
timely one, and I am looking forward with great pleasure to
working with you on ways and means to make progress,

With best regards,

Sincerely yours,

‘

Horr

Alan T, Waterman
Director

Enclosures
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1 April 1957

Dr. Alan T. W;tcrmnn =Tt
Director

National Science F mndation
1520 H Streest, N. W,
Washington, D. C.

Dear Alan:

Many thanks for sending me a copy of
"Science in the Federal Government.”” I am glad
to be able to add this to my library on this general
subject.

One of these days we should have a talk
together about the scientific attache question. I

have been pressing| lon the subject
and I know he is doing what he can. but progreas is
slow.

Sincerely,

Sllen W. Dulles
Dirasctor

AWD/ji
Distribution:
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THANSIATION BY SOVIST sLiCTHONIC CALCULATING WACHINE

The followding is tne full text of an article fron PRAVDA,
dated 22 January 1956 on the work of the highespeed electronic
computer oif the Academy of Sciences UiSH. The co=authors are
Do Panev, I, Mukhin and I. Belfskaya.

The first successful experiments in the automatic translation of
ong language to another were condusted in the Academy of Sciences USSR.
The experiments were made on the BESM nigh-speed electronic couputing
machine described in PHAVDA of h December 1955,

At first glance it seems unlikely that a wachine can automatically
vranslate from one language i another. But if some thouvght is given to
the subject then it may be easily perceived that there is nothing impos-
sible in this. In reality, language is a definite systenm in which the
meaning of words as vell as any of their variations are reflected by

means of vocabulary and grammar,

Therefore, there should exist the possibility of developing diction-
aries and translation rules vhich would account for all structural
peiliarities of a sentence and which would pernit the accurate, uniform
determination of the essence of its component words and their relationship
in the text. Thus it becomes possible to make transliations by fully
automatic means using machines with programuing control, such as those
which automatically makc complex mathematical computations,

To make such a translation the sentence which is to be translated
must first be coded witn a special cipher code in which each letier
would be represented by some 2-disit numeral. By using: the Bodo code,
for example wnere the Latin letier "a® is represented by 16, "n" by 15
and ‘0" by 30, we may replace the English word "ang" by the numeral by
161530, The numbers corresponding to words under this codification
system may be punched on a paper tape. Thls is done by a person who necd
not know the mnglish lanvuage on a simple typewriteretype apparatus
having a keyboard with Latin letters. This tape is then inserted into
an =lectronic computing naching, in the ieuwory device of which there is
stored a previously iatroduced dictionary. #ach word in the dictionary,
consisting of an inglish and a russian parts is also represented by its
corresponding numeral and the process of searciing for the reguired word
in ithe dictionary is but a comparison o»f the number iatroduced into the
machine {representing a particular word) with all the numerals of the
diculonary,
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his process may be sinply represented as follows. Let the aumber
representing the word bein; searched fup be successively subtracted lron
31l the numbers {(cach representing a vord) ia tie &3 ctionary,

v.hen the result of the subtraction is cequal to 0, the scarch is
tersdnateds the word ii the aletionary vwivse numerical represeatation
coincides exastly with the numerical represeantation of the word being
scarched for nas been found. This mcans Loerefore, that in the Hussian
portion of the dictionary t.ere has been found the worda corresponding to
the unglish vorde. The machine does this coupletely antomatically and at
sreat speed. For instance, on the BES. machine one conmparison operation
takes only 1/10,000 of a second; thus tue time the machine takes to look
through a 1,000=word dictionary is rmeasured in a frantion of a second.

However, the dictionary introduced into the machine differs fronm
those dictionaries which are generally used. The dictionary must provide
rules “rich would permit the automatic selection of the proper word from
Anong scveral possibilities. 1o astablish the meaning of a polysenantic
ters it is aecessary o analyze itig surroundin,; words, to Study the words
irnediately before and after if, and %o study their mwanings and grammatical
characteristics.

Suppose we want to translate the nglish word "ecxample® which has
Wo meanings dependia; upoa whether the word "for" precedes it or aot,
It the word "form is there, the traaslation wuust be "aaprimer". If the
cord "for" is not there, then the translavion would ha "primer", Cone
siderably rore complex, alihourh sisilar, miles may he developed for
sthor cases as well.  ihese inles are {ormulated in the form of concrete
questions to wideh the cachiae So..etiuves has to answer either "Yes" or
"No" over 20 times. inother systen of rules is needed to find English
Vords naving a particular eading in the dic tionary. ¥or ins tance, the
word "equations" will .ot he fouad in the dictionary since it has the
eaoing st indicating pluralivy., The dictionary lists singulars. ‘The
macainz then discards uhe eanding and the vord is azaln run throuzh and
conpared with she dictionary ierus.,

¥inally, the dictloanury must st the gramuatical characteristics
of iits words, Hoiever, in conirast to bhe usual Knglisnetussian dictione
aries, it lists the gramwaticsl charac.eristics not of the fnglish but
of the iussian words. Tnis is hecessary because without these character-
igtics it 1s impossible to cons truct a grammatically correct Russian
Senence,

Eaglish gramuatical characteristics are needed only insofar as they
facilizate in the determinatioa of Russian grammatical characteristies,

It is impossible o 1is% all the sram.atical charicleristics in the
dietionarv. For exaaole it is impossible to state in aidvaace whether a
given word would be a subject or an object, Thig circumstance nay be
deternined only couparing the ivea word with other words and through
an enalysis of the entire sentence.  Therefore, after 811g the diction-
ary the wachine conduets a very Jarge number of various raecks of the
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"Yes" and "No" answer type for the purpose of determining all the necess
sary grammatical characteristics of the Hussian wurds. After this is
done, a translated English phrase such as "Problems associzted with
lotion" rcads as follows: UZADACHA" (noun, feminine gender, second
declension, plural, nominative case, soft stem ending with a sibilant),
"SVYAZYVAT* (participle, past tense, feminine gender, plural, nominative),
"s" (preposition, zoverns instrumental case) s "DVIZHEWIYE" (noun, neuter
gender, first declension, single, instrumental case soft stem). Tims,
according to the rules of Hussian grammar, the translation becomes asg
followss "™ZADauHI, SVYAZARNYYE S DIVIZHEWIYEU™, The finished translation
is typed on a ieletype.

As an example of a translation made by this machine, the follcwing
sentence from an English text may be used: "Elementary courses in
differential equations present a long list of clever devices by means of
which one is supposed to be able to solve differential equations®.
= = "Elementarnyye kursy po differentsial'nym uravneniyam dayut diinnyy
perechen? iskusnykh priyemov, pri pomoshchi kotorykh issledovatel' kak
predpolagayetsya mozhet reshat! differentsial’nyye uravneniya®,

Of course it is difficult to assume that the automatic translation
of literary work would be possible in the near future. Such translation
is much more complex than the translation of scientific text.

The experimental work on automatic translation was conducted on the
Universal computing machine "BESK", which was not specifically fitted
for this purpose, by a group of scientific workers of the Academy of
Seiences USSR which included, besides the authors, 5. Razumovskiy,
Ls Korolev, Ne Trifonovy G. Zelenkevich, and others. The results obtained
indicate that on the basis oi the principles developed there may be
constructed in the future a speecialized electronic machine for automatie
translation.

Do Panov
Jo Mukhin
I, Hel'skaya

PHAVDA, 22 January 1956
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